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Figure 1. 

A I (7).TERPINEN-4-OL 1 1  The Shielding Effect of the Nitro Group 

Experimental Section 

Approximately 7 g of 1( 7),4(8)-p-methadiene was prepared as 
previously described.2 This was placed into a 250-ml reaction 
flask equipped with a stirrer, thermometer, reflux condenser, 
dropping funnel, and Dry Ice bath. Anhydrous sodium acetate 
(8.2 g) and 40 nil of methylene chloride were added. The mix- 
ture was cooled to 0' and 10 g of 40y0 peracetic acid was added 
at  0-5" over a period of 2 hr. Stirring was continued at  0-5" 
for 3 hr. Water (30 mlj was added to the reaction mixture, and 
stirring was continued for 1 hr. The organic layer was washed 
with sodium bicarbonate and salt solutions and dried; the solvent 
was evaporated. The resulting 8 g of oil was then added (over 
a period of 1.25 hr) to 38 g of lithium aluminum hydride in 38 g 
of tetrahydrofuran in a 250-ml reaction flask, equipped with a 
stirrer, thermometer, reflux condenser, nitrogen purge, dropping 
funnel, and heating mantle. 

The reaction mixture was then heated at  reflux for 3 hr and 
cooled to 0-5', and 20 ml of H20 was added over a 1-hr period. 

The product, isolated by extraction y d  solvent recovery, was 
passed through a preparative gas chromatograph which con- 
sisted of a 10 ft X "8 in. 0.d. column containing 20% Carbowax 
20M on silane-treated Celite a t  150" with a helium flow rate of 
250 cc/min. Successive 100-mg injections were made until 400 
mg of 1(7)-terpinen-&ol was obtained. Approximately 100 mg 
of 6 terpinenol was also obtained which elutes after the l(7)-ter- 
pinen-4-01. 

The product was then passed through a preparative gas chro- 
matograph which consisted of a 10 ft X 0.25 in. 0.d. column con- 
taining 20% Se-30 on 60-80 mesh silane-treated Chromosorb W, 
at 125" with a helium flow rate of 100 cc/min. Repeated 10- 
r l  injections were employed and 200 mg of very pure product was 
thus obtained. 
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In recent years, the long-range shielding effect of 
the nitro group has been observed in t-butylnitrocyclo- 
hexanes,l nitrotestosterones,2 nitroch~lestenes,~ nitro- 
 porphyrin^,^ nitro naphthalene^,^ and nitromethylben- 
zenes.6 We have examined the nmr spectra of the 2- 
nitro derivatives of p-xylene (2) and of the p-diethyl- 
(3), p-diisopropyl- (4), and p-di-t-butylbenzenes (5). 

Q- R 

1, R-H 
2, .R= CH, 
3, R=CHZCHS 
4, R=CH(CHJ, 
5, R=C(CHB), 

In Table I there is presented the difference in 
chemical shift (downfield) (determined in two inert 
solvents) of the ortho proton in the nitro compound 
relative to the corresponding proton in the parent hy- 
drocarbon. Also presented is the degree of twist 
cp of the nitro group from coplanarity with the aromatic 
ring as calculated by Wepster' from ultraviolet data. 
The corresponding shift difference of the meta and para 
protons is also tabulated. The observed signals in 
the nitro compounds are broad singlets (two unre- 

(1) A. Huitric and W. F. Trager, J .  Ore. Chem., 27, 1926 (1962). 
(2) K. Tori and K. Kuriyama. Tetrahedron Letters, 3939 (1964). 
(3) J. McKenna, J. M. McKenna, and P. B. Smith, Tetrahedmn, 91, 

(4) R. Bonnett and G. F. Stephenson, J. Ore. Chem., SO, 2791 (1965). 
(5) P. R. Wells, Australian J. Chem., 17, 967 (1964). 
(6) I. Yamaguchi, Mol. P h y ~ . ,  6, 105 (1963). 
(7) B. M. Wepster, "Progress in Stereochemistry," W. Klyneand P. B. D. 

The 
e is the extinction of 

2983 (1965). 

de la Mare, Ed., Academic Press, Inc., New York, N. Y., 1958, p 110. 
angles are calculated from the equation t / e 0  -  COS^ 'p. 

the substituted nitro compound and 5 is the value for nitrobenzene. 
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TABLE I 
SHIFT DIFFERENCES OF RING PROTONS 

Appm. ortho, 9, deg, APPm, meta, para," 
Compd CClr cyclohexane isooctane CClr cyclohexane 

I*  . . .  0 . 9 5  0 . . . 0.21  me@, 0 . 3 3  para 
2 0 . 7 5  0 . 7 2  34 0 . 2 5  0.18 
3 0 . 6 3  0.63 40 0 . 2 3  0 .18 
4 0 . 4 2  0 . 4 5  47 0 . 3 0  0 .27  
5 - 0 . 0 2  0.00 65 0 . 1 8  0 . 1 3  

a Except for 1, the meia and para shifts were not resolved and 
Data of H. Spiesecke and W. G. are recorded as one peak. 

Schneider, J. Chem. Phys., 35, 721 (1961). 

solved regions which should be the AB and X portions 
of an ABX spectrum). 

In Table I1 there is recorded the difference in chemi- 
cal shifts of the 0- and m-benzylic protons relative to 
the corresponding protons in the parent hydrocarbons. 
The values were determined in CCI, because the cyclo- 
hexane resonance interfered with the determination 
in that solvent. 

TABLE I1 
SHIFT DIFFERENCES OF BENZYLIC PROTONS 

Appm Appm, 
Compd o-benzylic n-benzylic 

2 0.25 0.13 
3 0.30 0.13 
4 0.55 0.12 

The data in Table I concerning the ortho proton shifts 
can be evaluated if two reasonable assumptions are 
made. First, since the meta,para resonance is relatively 
constant through the series, these protons serve as 
internal standards that demonstrate that change of ring 
anisotropy, ring electron density, dipole moment, 
etc., does not make the major contribution to change in 
ortho shift as a function of nitro twist. Second, we 
assume that in nitrobenzene, a large part of the de- 
shielding of the ortho proton, in the light of previous 
work, can be attributed to anisotropic deshielding. 
Then, the decrease in deshielding in nitroxylene, as 
the nitro group is twisted 34" out of the plane, can be 
explained by suggesting that the ortho proton is no 
longer in the center of the deshielding region. The in- 
creasing deviation of the nitro group from coplanarity 
with the ring in the ethyl and isopropyl cases further 
removes the ortho proton from the region of maximum 
deshielding and the chemical shift difference decreases 
in a consistent manner. Finally, in the t-butyl case, 
the nitro group has twisted far enough so that its 
shielding region now affects the ortho proton, the signal 
of which is a t  higher field than the meta and para 
proton signal. The interesting datum in Table I1 
is the seemingly disproportionate deshielding of the 
o-benzylic proton in the isopropyl system. The 
shift is explained by postulating the existence of a 
preferred (and model-justified) rotamer of the isopropyl 
group that keeps the methyl groups away from the 
nitro group. The benzylic hydrogen is then in the 
plane of the benzene ring and always subject to the 
large anisotropic deshielding arising out of the ring 
current. In the parent compound, the proton is in 
a freely rotating system and is not maximally de- 
shielded. The experiment testing this hypothesis, 
that is, obtaining spectra at 70 and 150°, showed no 
significant shift of the o-benzylic proton signal (rela- 

tive to the other signals). Therefore, the barrier to 
free rotation of the isopropyl group is very high. 

The entire chemical shift of the ortho proton in the 
nitroaromatics relative to the hydrocarbons is not 
only due to anisotropic effects. Our data has been 
subjected to some calculations. Attempts were made 
to separate out the nonanisotropic contributions based 
on the correlation of inductive and resonance param- 
eters with chemical shifts and on an electric field hy- 
po thes i~ .~  The derived numbers were used to evaluate 
magnetic susceptibilities.'O However, these calcula- 
tions are of dubious merit because the separation of 
effects at  ortho positions is speculative, and the theory 
for the evaluation of magnetic susceptibilities is not 
valid a t  small distances. 

Experimental Section 

The p-xylene, 2-nitro-l,4-dimethylbenzene (2), and p-diiso- 
propylbenzene were commercial samples used without further 
purification. A sample of p-diethylbenzene, bp 184", was 
prepared by Wolff-Kishner reductionll of the semicarbazone of 
p-ethylacetophenone, mp 188-191" (lit. 191').'2 Nitration of the 
hydrocarbon according to a published procedure afforded 2-nitro 
1,4.-diethylbenzene (3), bp 100-103' (1 mm) [lit. 137-140' (12 
mm)] .la A small sample obtained by subsequent chromatography 
on silica (Davison) was used for nmr analysis. Fractional distil- 
lation of the nitration product of p-diisopropylbenzene did not 
yield pure 2-nitro-l,4-diisopropylbenzene (4) as had been re- 
ported.14 A fraction, bp 152-158" (25 mm), was chromatographed 
on silica (Davison) and yielded a homogeneous product. The 
p-di-t-butylbenzene, mp 77" (lit. 77-790),16 and its nitro derivative 
( 5 ) ,  mp 89-90' (lit. 75-78"),lS were prepared according to 
published procedures. The nitro derivative formed solid solu- 
tions with the hydrocarbon and the high-melting product was 
obtained by chromatography on silica. 

The nmr spectra were determined with a Varian A-60 instru- 
ment using 10% (by weight) solutions in CCl, and 7% solutions 
in cyclohexane. Tetramethylsilane was the internal reference 
in the first solvent and the solvent absorption itself was used in 

TABLE 111 
SHIFTS OF HYDROCARBONS 

-----Ring---- Benzylic Other 
Compd CClr Cyclohexane CCL CCh 

Xylene 416 330 135 
Diethylbenzene 419 333 154" 72b 

Di-t-butylbenzene 433 347 76 

cps. d Doublet, J = 7 cps. 

Diisopropylbenzene 422 335 16gC 74d 

Q Quartet, J = 7 cps. Triplet, J = 7 cps. Heptet, J = 7 

TABLE Iv 
SHIFTS OF NITRO COMPOUNDS 

-Ring ortho- Ring meta, para Benzylic 
Cyclo- Cyclo- CClr Other 

Compd CCl4 hexane CCh hexane ortho meta cc l4  
2 461 373 431 341 150 143 
3 457 371 433 344 17Za 162" 76* 
4 447 362 440 351 20Zc 176c 77d 
5 432 347 444 355 77,82 

a Overlapping quartets. b Distorted triplet. c Overlapping 
heptets. Distorted doublet. 

(8) (a) R. W. Taft, et al., J .  Am. Chem. Soc., 86, 709, 3146 (1963); 

(9) A. D. Buckingham, Can. J .  Chem., SB, 300 (1960). 
(10) (a) P. T. Narasimhan and M. T. Rogers, J .  Phys.  Chem., 68, 1388 

(1959); (b) H. N. MoConnell, J .  Chen .  Phya., 17, 226 (1957). 
(11) D.  Todd, Or#. Reactions, 4,379 (1948). 
(12) G. Baddeley, J .  Chem. Soc., 232 (1944). 
(13) W. J. Gaudion, W. H. Hook, and S. G .  P. Plant, &id., 1631 (1947). 
(14) A. Newton, J .  Am. Chem. Soc., 66, 2434 (1943). 
(15) P. D. Bartlett, M. Roha, End R. hl. Stiles, ibzd., '76, 2349 (1954). 

(b) J. J. Martin and B. P. Dailey, J. Cham. Phys., 89, 1722 (1963). 
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the second case. The raw nmr data is assembled in two tables. 
Table I11 records proton signals for the hydrocarbons in cycles 
per second relative to the internal reference. Table IV records 
the signals for the nitro derivatives. 
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Reports of substitution reactions on aryl groups either 
attached directly to phosphorus or through carbon as in 
tertiary phosphine oxides are quite meager. The 
majority of such reactions have been confined to 
nitration of the aryl substituent.' Stachlewska- 
Wroblowa and Okon2 have, in addition to nitration, 
investigated the sulfonation and chlorosulfonation of 
triphenylphosphine oxide and its derivatives. The 
chlorosulfonation of 4-methoxyphenylphosphonic acid 
to yield 3-chlorosulfonyl-4-methoxyphenylphosphonic 
acid was also reported in a patent.a 

Of particular interest to us was the chlorosulfonation 
of triphenylphosphine oxide and the possible extension 
of the chlorosulfonation reaction to neutral penta- 
valent phosphorus esters containing at  least one aryl 
group. The subject of electrophilic substitution re- 
actions involving such phosphorus esters has received 
even less attention than that afforded tertiary phos- 
phine oxides. In both cases substitution on the 
pendant aryl group is most often effected prior to for- 
mation of the phosphorus ester or phosphine oxide. 
This is usually desirable especially in the case of the 
somewhat labile phosphorus esters. In view of this 
lability, the stability of aryloxy phosphorus bonds, 
particularly toward chlorosulfonic acid and the at- 
tending conditions, was somewhat questionable. 

Subsequently, it was found that triphenyl phosphate 
can be chlorosulfonated readily with apparently little 
deleterious effect on the aryloxy phosphorus bond. 
Addition of the phosphate to excess chlorosulfonic 
acid at room temperature caused a readily controlled 
exotherm, and hydrogen chloride was evolved. Moder- 
ate heating of the reaction mixture, until hydrogen 
chloride evolution subsided, followed by conventional 
work-up, yielded chlorosulfonated triphenyl phosphate. 
The reaction product was identified by elemental 
analysis, molecular weight determination, and infrared 
and pmr spectra as tris(p-chlorosulfonylphenyl) phos- 
phate (1). The reaction conditions were not opti- 

(1)  K. D. Berlin and G, B. Butler, Chem. Rev., BO, 243 (1960). 
(2) (a) A. Stachlewska-Wroblowa and K. Okon, B i d .  Wojakowej Akad. 

Tech., 10, No. 4, 3 (1961); Chem. Abstr., 68, 14322d (1962); (b) A. Stach- 
lewska-Wroblowa and K .  Okon, Bull. Acad. Polon. Sci., Ser. Sei. Chim., 
9, 281 (1961). 

(3) E. M. Hardy, U. S. Patent3,017,321 (1962). 

mized. However, variation of the molar ratio of re- 
actants, while maintaining reaction time and tempera- 
ture constant, indicated that a 30: 1 mole ratio of chloro- 
sulfonic acid to phosphate reacted at 50" for 6 hr 
afforded high yields (>80%) of crude 1. The reaction 
was repeated several times using these conditions with 
comparable results. When chlorosulfonic acid and 
triphenyl phosphate were allowed to react a t  molar 
ratios of 24 : 1,18 : 1, and 12 : 1, the yields of crude chloro- 
sulfonated phosphate (1) were 77, 73, and 54%, 
respectively. Reported4 methods for reducing the 
amount of excess chlorosulfonic acid, such as the utili- 
zation of sodium chloride, alone or in combination with 
inert organic solvents (e.g., carbon tetrachloride), were 
not investigated. 

The chlorosulfonation of diphenyl methylphospho- 
nate was also found to proceed readily, utilizing reac- 
tion conditions that produced high yields of chlorosul- 
fonated triphenyl phosphate (1) and a mole ratio of 
chlorosulfonic acid to phosphonate of 20: 1. The reac- 
tion product identified as bis(p-chlorosulfonylphenyl) 
methylphosphonate (2) by elemental analysis, molecu- 
lar weight determination, and infrared and pmr spectra 
was obtained in better than 79% crude yield. 

That chlorosulfonation of triphenyl phosphate and 
diphenyl methylphosphonate occurs predominately 
at  the para position was demonstrated by the infrared 
and pmr spectra of the reaction products. para 
substitution of both the chlorosulfonated phosphate 
(1) and phosphonate (2) was manifested by char- 
acteristic infrared absorption in the regions 6.3-7.2 p 
and 11.5-12.5 p. The pmr spectrum of 1 in CDCL 
(TMS as internal reference) exhibited the characteristic 
AB quartet of a para-substituted benzene (TA 1.82, 
TB 2.42 ppm; JAB = 8.7 cps). The chlorosulfonated 

\ H.4 

7B 2.51 ~ A 1 . 9 0  
2 

phosphonate (2) in CDC13 showed the expected methyl 
doublet ( T  = 8.02 ppm,2 JpH = ea. 18 cps) for P-CHa 
and the characteristic AB pattern of a para-substituted 
benzene ( T A  = 1.90, T B  = 2.51 ppm; JAB = 8.7 cps). 
In both 1 and 2, a long-range coupling of phosphorus to 
HB (4JpH = 1.0 cps) was observed and provided further 
support for the assigned structures. Similar four- 
bond couplings have been observed in a number of 
other organophosphorus compounds.6 In neither case 
was there any evidence for the presence of other isomers 
in amounts greater than ea. 5%. In the case of the 

(4) E. E. Gilbert, "Sulfonation and Related Reactions," Interscience 
Publishers, h e . ,  New York, N. Y., 1965, p 84. 

(5) (a) M. Gordon, Ph.D. Thesis, University of Pittsburgh, 1965; 
(b) C. E. Griffin, R. B. Davison, and M. Gordon, Tetrahedron, 44, 561 (1966). 


